
Soricid Response to Canopy Gaps Created by 
Wind Disturbance in the Southern Appalachians 

Abstract - We ~raetl drift fences with pilS:ill traps to compare soricid abun- 
dance. ricline\s. ancl de~nographic  parameters among intact i~iult iple-tree 
windthrow gaps, salvagetl g;lps, and mature forest in a xeric southern Appa- 
lachian forest type during 1997-1909. We also tested whether capture rates 
were correlated with rainfall. and whet l~cr  similar-si/.ed species tiid not co- 
occur as  predicted by multi-species z~sscmhlage rules. We captured six spe- 
cies: Hl~rr i i~cr l,rrt,ic,rrrtrlrr (Say )  (northern short-tailed shrew). Cr.y~ioti,s pcrr~,cr 

(Say)  (least shrew). S o r r . ~  c~ir lc~rrrr .~ Kerr (masked shrew). S.  ,/irrlleu.v G.M. 
Miller (smoky \lirewj, S. hoyi Raird (pygmy shrew). and S. lorl,qiro.stri.v 

Rachm;in ( sou lhca t c~ -n  shrew). Tree h:is;il area. forest structural features, 
and arthropod abunclance difi'ercd :tmong treatments, but species richness ancl 
ahunclance of   no st shrews dicl not. Captures during June-October were 
higher in 1998 than in IC)97, although 1998 sumnler rainfall was low. Rain- 
fall was correlatecl with shrew activity, but explained little of the variability 
in capture rates (r'  = 0.05 j. The sex ratio within each species was similar 
among gap treatments and controls, but differed f'rom 1:l for S.  h o j i ,  S.  
lor~,qiro.siri.s, and S.  , / i l~ i~( lr( .s.  The soricid assemblage did not conl'orni to 111ulti- 
species assemhlagc rules; three small-bodied species co-occurrecl in si~nil i tr  
numbers :it all s t~ idy  i t e s .  Our rcsulls suggest that I'orcst m;in;tgemcnl that 
nii~nics contlitions created by 1-nultiplc windthrows in xeric forest of the 
so~ttliern Appalachians is unlikely to afi'ect shrew communities adversely, at 
least in the short-terrn. 

Introduction 

Specie '  1-1chne44 01 shrew4 111 t h e  \outher11 Appa lach lan4  14 a rnong  

tile h ~ g h e s t  in tcmpel-ate Nor th  A m c r ~ c a  ( L a e r m  e t  a l .  1999) ,  a n d  \ev-  

er;tl 4pecre5 a r e  ,tb~lnclant in t e ~ n p c r a t c  l'ore4t c c o \ y \ t e m \  (KII-k land and  
S h e p p a r d  1994)  Mowevc i ,  bccau4e of t h e  l a b o r - ~ n t e n s i v e  m e t h o d \  

r ec lu t~ed  t o  cap tu re  5hrew5 a n d  lack  01 s t anda rc l~ / ed  \ ampl ing  t ech -  

n ~ c l ~ ~ e \ ,  t h e ~ r  pe rcc tved  ~ ~ n p o i - t a n c e ,  c l l \ t r ~ b u t ~ o n ,  re la t ive  abundance ,  

n ,~tura l  h14to1-y. h i ~ b ~ t ' ~ I  r e l a t ~ o n \ h t p \ ,  a n d  r e \ p o n \ e  l o  loi-e4t manage -  

ment  p ~ , ~ c t t c e s  rent,tllt poo r ly  ~tnclel-4tooci ( F o l d  'ind Kodr igue  2 0 0 1 ,  

KII-hlancl ,ind S~todcfy  1999)  



7 16 \ o l c t h c ( r \ t r ~ i ~  Notrr~nlr \r  Vol 7 No 4 

M o ~ s t u ~ e  1s thought to be a "prtnc~pal factor In de te rm~n~ng  reg~onal 
d ~ v e r s ~ t y ,  and by exten\ion, local dlvers~ty of 4hlews" (K~rkland 1991) 
Ford et a1 (In pres5) reported that In the southern Appalach~ans, spcc~es  
11c11ness ot s h ~ e w \  Increa4es w ~ t h  elevation and In ~ n e s ~ c  torest types. 
However, the ~ e l a t ~ o n s h ~ p  between motsture 'tnd shrew r~chness and 
abundance 15 ba\ed p ~ ~ n ~ a r ~ l y  on observ'it~on 'ind cortelat~on, ~t has not 
been te\ted expcr~lnentally It \brews reclu~re high mo~sture levels (Get/ 
1961, KII kland 1991), they p~esu~n'ibly would be sensttlve to distur- 
bances that cause partial 01 complete forest canopy 1e111ova1, such a\ 
t~mber  harvest~ng or mult~plc-tree wlndthlows that reduce shade and 
forest floor rnoirture (Ford et a1 1997) Yet, results of s tud~es  that 
addre\\ s o r ~ c ~ d  raponse  to s~lv~cul tura l  d~sturbance are equtvocal 
Some tnd~cate that shrew 'ibundance Incre'ises shortly 'ifte~ t~mber  har- 
vests (Ford et a1 2000, Healy and Brooks 1988. K~rkland 1990), 
whereas others leport no short-tetm changes (Ford and Rodr~gue 2001, 
Kle~n  and Mlchael 1984) 

Several s t u d ~ e s  suggest that abundance of ~ n v e r t e b ~ a t e  prey may 
affect shrew specles r~chness  dnd nu~nbets  (Healey and Brooks 1988, 
K~rkland 1990, I99 1 ) Both moisture (K~rkland 199 1 ) and coarse 
woody d e b r ~ s  (CWD) (Maser et a1 1979) may play an Indirect role In 
shrew dlvers~ty or abundance by aftectlng t h e ~ r  ~nvertebrate prey 
populations (Klrkland 199 1) However, we have found no s tud~es  
that test d~rect ly  whether the abundance of Invertebrate prey affect5 
shrew abunddnce 

Shrews use CWD for feeding substrate 'ind cover (Lee 1995, Loeb 
1996, Raphael 1988) Several studies have explored relatlon\h~p\ be- 
tween s h ~ e w  abundance and CWD or other ~ n ~ c r o h a b ~ t a t  feature\, but 
results are also equ~vocal For example. some studies lepolt a posltlve 
relatlonsh~p between CWD 'inct shrew capture4 (K~tchtngs and Levy 
198 1 ,  Loeb 1999, McComb and Rumsey 1982, Seagle 1985), whereas 
others have found l~ t t l e  o r  no ~ e l a t ~ o n s h ~ p  (Ford and Rodr~gue 2001, 
Get/ 1961, McCay et a1 1998) Assoc~ations between shrews and spe- 
c t t ~ c  forest structu~al features, such as CWD, do not necessa~~ly  ind~cate 
that the pre4ence of s i~ch features enh'inces rcp~oductlon or survlval 
(Van Horne 1983) O t h e ~  var~~ibles ,  such a\ sex ratios and ev~dcnce ot 
rep~oduct~on a140 prov~de clue4 a\ to whethe1 ,In area 1s tunctton~ng a\ a 
"source" 01 "stnk" (Pull ram 1988) 

Few s tud~es  have I~nked shrew ,ibundLin~e to CWD using controlled 
expe~~menta l  des1gn4 Lee ( 1995) ~ e p o ~  ted that some P'tc~f ~c Northwest 
shlew specles were mole abundant and had h~gher  ~eproductive late4 In 
sites wtth h ~ g h  CWD levels, one \pectes was ~ n o l e  ,lbund,tnt tn sltes wlth 
low CWD levels Loeb (1999) found a gre'ttet 'ibundance of B 



ccirolinetzrir ( B ~ C ~ I I I ~ L I I  1837) (southern short-tarled shrew) in South 
Carol~na plne plantattons wlth tclatlvely h ~ g h e ~  CWD levels 

Factors other than motstttre '~nd forest structure mlght affect the 
dtstrtbut~on ot  shrew specles at the I'lndscape level Fox and K~rkland 
(1992) pred~cted that stmrlat-s~/ed shrews are le\s lrkely to co-occur 
than shrew\ of dtffetent st/es bec'tuse of cotnpetltlve exclusion Ford et 
a1 (In press) tound t11'1t these "rnult~-specres assemblage" rules 'Ire most 
lrkely to devtdte hom predtcted ,lssernblage\ In xertc forests 

Treefall gap5 genelate large volumes ol CWD and s~n~ultaneously 
tnctease light levels le'ichtng the forest floor Mlcrohab~tat features 
thdt potent~ally affect shrews, such ac cover 'tnd depth ot  the l e d  
l ~ t t e r  and humlc mdt, could result from gap-tnduced changes in Irght 
and fol-est tloor temperature Si~lv,tge-loggtng, or tree removal from 
gap5 fur the^ increases 11ght levels reach~ng the torest floor, and heavy 
eclutpnlent alters leat lttter and so11 properties Slash lelt onsrte after 
logglng operattons Increases woody debns I11 ~n tac t  and salvage- 
logged gaps, changes In primdly ploducttvity clue to greater ltght 
penetration and forest floor teature\ such as leat litter or CWD also 
could lead to changec In 'lrthropod prey abundance Currently, Inany 
forest managers use an ecosystern management approach by attempt- 
Ing to mlmtc natural disturbance Treefall gaps are a common d ~ f t u r -  
bance type In the southern Appalach~ans (Greenberg and McNab 
1998), yet we are unaware of studres that exainlile sor tc~d communl- 
ties In treefall gap\ or other naturally d~sturbed sttes 

On 5 October 1995, Ashev~lle,  NC, was 111t by the remnants of 
Hurrrcane Opal. Downbursts ol w ~ n d  created dt least thtrty 0 1 to 
I 5-ha gaps wrthtn the Bent Creek bxperttnental Forest (BCEF) study 
area, prtn~artly by uprooting large trees Gaps were t r~egular ly  
shaped, and retalned partla1 canopy cover Tree den\ity decreased by 
19-39%, and bas'11 ‘ires ( B A )  by 30-52% In m e a s u ~ e d  gaps 
(Greenberg 'lnd McNab 1998) Several gaps were salvage-logged 
dullllg 1996-1997, othets were lelt ~n tac t  wtth tallell trees rematnrng 
In place 'Thrs allowed us to test expe~trnentally hypotheses regatdlng 
the relattonshlps between shrew abutldancc and forest structure, In- 
vertebrdte prey, and mols tu~c  Spec~f~ca l ly ,  we tested whether the 
relClttve abundance, s p e c l a  rtchness, and sex ratlos of shrews dit- 
fcrcd ~imong int'lct (uns,ilv'tgecl) gaps, \alvaged gaps. 'tnd nlatule 
clo\ed-canopy f o ~ e s t  w ~ t h  d~t terent  'imounts of ~nvertebratc pley and 
stluctur,tl features such r l \  CWD, Itght, ,~nd leat l~ t te t  We also tested 
whethe1 s~~n~la t - s t / ec l  shrews d o  not co-occurr, 'is piedrcled by multi- 
cpectes assemblage rules, 'tnd tt r'i~ntall hds ,I d~ rec t ,  pos~tive effect 
on \blew capture rates 



~ O I ~ I / I ( , ~ I \ I ~ , I  11 N ( I / I I I ( I / I \ I  

Methods 

Vol. 3 ,  No. 1 

Study area 
The Rent Creek Experlment'll Fore\t encompa\\ci 'I 2500-ha water- 

5hed In the B I L I ~  R ~ d g e  phy\10g~itp111~ port~oli 01  the \ct~~thcrn Appala- 
chlan mountains III Bi~ncolnbe County, NC Annu'tl prcclprtat~on 'tver- 
age\ I20 cni ~und I \  evertly cll\t~-lhuted ye'ti--round Elcvat~on wlrhlr~ the 
water\hed range\ Iloin c ~ h o ~ ~ t  610-1070 nl. alicf \t~lcly \ ~ t c \  range from 
670-730 In. Mi1nter4 are jholt and mild. ,und \i~lnrners '11-e long and 
warm. Conimon tree specie\ on xeric \lte\, \uch 'I\ tho\e ~ ~ \ e d  In t h ~ \  
\tudy, ~nclude Qut'rc ur t o c  t rriru (Me~1nc1il-r.) (\c,trlct oak), Q. (rllxi 
L (whlte oak), Q.  17r1r11lr Id (che\tnut oak), Q. i~.lritr17tr I a n .  (bl'lck oah). 
A t p r  r~ll1r~l11i L.(red m,tple), Cornii\ /lo~-lc(ti I,.(flowe~-lng clogwooci), 
N\ rrti \\Ivtiflc(r Mar\hall (b l ackg~~m) .  O~vtlt~riclr-irrn t ~ r - h o r ~ z r r ~ ~  ( L  ) I)C 
(\oul-wood). and occa\lonal Ptrllrr ( J ( h i ~ l ( ~ t ( i  Miller ((hortleaf pine) 
(McNab 1996). 

Study design 
Treatment\ ~nclucled intact gap\ (tho\e created by wlnd dl\turbance 

In 1995 and not salvage-logged), c ~ n c l  \alvrtgc-logged gap\. Control\ 
were mature (80-1 00 year\ old), clo\ed canopy foreit Control\ were 
adjacent to, but > 25 In from, Intact gap\; 5alvaged gap\ were S 0 48 km 
from control-lntact gap pall-\ Salvaged gap sl/e\ ranged from 0.52-1 .SO 
ha, and Intact gap \l/e\ ranged fr-om 0.15-1.09 ha. Salvage-logging 
dunng wlnter 1996-\prlng 1997 renloved \tandlng and Ial1c11 tree\ that 
were killed or heavily damaged by hurr~cane-rclated wind\. One gap 
liltended for ~ n c l u \ ~ o n  wlthln the \~~lvagccl treatment wa4 not salvage- 
logged (hence, wa\ "lntact") tint11 wlnter 1997 Tliesef'orc. In I997 there 
were 5 Intact gap\, 2 \alvaged gap\, ,lnd 4 contl-ol\. hut In I998 and 1999 
there were 4 Intact gap\, 3 \alvagcd gap\, and 4 control\ 

Pitfall trapping 
S I X  7 .6 -~n  long. 0 5 - ~ n  111gh drift fence\ h~trlecl 5 -12 cm Into the 

g r o ~ ~ n d  werc e \ tabl~\hed at r,~ndorn loc,ttlon\ .111d orlent,ltion\ W I ~ ~ I I I  

each \ ~ t e  Two 19-lltcr pla\ttc p a n t  bucheti with 2-~iim hole5 drilled 
Into the bottom lor drainage wele \ L I I I ~  Ilu\h to the grouncl at hot11 
end\ of each fence (11 = 12 p~tl;tll\ per \lte). A \ponge w,~ \  placed In 
each bucket and dalnpcnetl '1s nece\\ary to reduce r t ~ i ~ ~ i ~ c t l  ~ C \ I C C ' I ~ I O I I  

All trap\ were \h'lded hy \clu,tre\ 0 1  M,t\onlte pegboard Drllt lence\ 
werc mo~-e dl\pel-\ed rn I'trger gap\ and control\ t l i ~ t n  111 \1i1~131 gitp\, 
but all were wlthrn '111 area < 0 5 h ' ~ ,  hot11 g,tp t~e ,~t l l le~i t \  C O I I ~ L I I I I C ~  

large and stiiall gap\ 
Traps were open 'lnd clieclied '3 tlnic\ weekly 110111 38 May-23 

October 1097. atici f ~ o ~ i i  2 June 1998-3-9 May I999 Mo\t \brew\ 
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(65%) were bagged, labeled by cldte and loc;lt~on, 'tnd tlozen for later 
~dent i i~cat ion Exceptions were l ~ v e  shrews ( 1  9% of totdl captures) that 
were recorded and relea\ed, and some dead \brews (16% of total 
captures) that were discarded tn the field wtthout posttive ident~fica- 
tlon However. we belteve that un~dent~f ied  llve and dead shrews l~ke ly  
iepresented l,lndom \ub\ample ot \pecies, and theretole d ~ d  not blas 
out dat'i All \brews collected (65% ot total cdptu~cs)  were measured 
(mass, total. t'i~l, hind foot, anct ear length\), dried, de-fle\hed In 
Ilrnnrrter larclclrl~i\ L (laider beetle) colon~es  and tdentiiled uslng 
keys to body measurement, dental, and cran~al  characters (Hall 1981, 
Junge and H o t f n ~ ~ ~ n  198 1 ) In the laboidtory Graphs of total body 
length ver\us tall length, 'lnd of condylobasdl length versus lnaxillary 
bre,ldth. showed that 98% 'tnd 99% (respectively) of S longlro5tn5 
and S ( I I I C ~ ~ M I  speclmeni, the 2 \pecte\ which could be most easily 
contu\ed. fell Into d15ttnct clusters We dtd not include the few spec]- 
mens not talltng into distinct clustels a\  known ~ d e n t ~ l ~ c a t i o n s  Sex 
'ind reproduct~vc \tatus ( e  g , I'~ctating, swollen testes) were deter- 
mined by di \ \ec t~on if  body conditlon was adequate All shrew speci- 
Inen\ were as\rgned a unique cat'tlogue number and deposited in the 
Bob & Betsy Cainphell Mu\eum of Natural H~story  dt Clemson Uni- 
versity (Accession # 868) alter tdent~tlcation 

Habitat measurements 
Percent cover of bare gro~ind,  leaf litter, humic mat, shrubs, her- 

baceous plants, CWD (2 12.5 cm diameter at contact point with line 
transect), and fine woody debris (FWD) (< 12.5 cm diameter) was 
ineasured i n  summer 1998 using five randomly located 15-m line 
transects in each site. Depth of the IcaE litter and humic mat was 
measured at 0, 7.5, and 15 ni along each line transect. We measured 
the length and diameter (at contact point with line transcct) of each 
piece of CWD encountered along transects. We subjectively catego- 
rized wood decay as follows: 1 = n o  visible decay; 2 = slight decay; 3 
= ri~oderate decay; 4 = slight fragmentation evident; 5 = heavy SI-ag- 
inentation; 6 = completely disintegrated but still distinguishable as 
CWD (modified fl-orn Maser et al. 1979). We did not iiieasure the size 
or abundance of rocks and boulders, but neither was a prominent 
feature of  the stuciy sites. 

We determined percent l igl~t  (the inverse of canopy cover) at 6-8 
points 2 10 m apart, using a spherical densiometer held at breast 
height. We calculated the BA of' live trees and snags using diameter 
at breast height (dbh) nteasurements of all trees 2 12.5 crn dbh within 
a single fixed, rectangular plot that was 0.1 ha in gaps (due to the size 
and shape restraints of gaps) ~tnd 0.2 ha in controls. For a detailed 
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character17'1tlon of f ~ v e  ~n tac t  gaps, includ~ng the four u\ed In t h ~ s  
study, \ee Greenberg and McNab ( 1  998) 

As part of '1 dttferent ~ u d y  (G~eenberg  and Forte\t 2003), ground- 
dwell~ng arthropods were collected from the \anie p~tfall traps at 2-week 
tnterva14 f~orn  June 1998-May 1999 Arthropods were ~ d e n t ~ f ~ e d  to 
fam~ly,  counted, o v e n d ~ ~ e d .  'lnd we~ghed P r e c ~ p ~ t a t ~ o n  wa\ measured 
dally at the Bent Creek Exper~niental Sta t~on campus, about 8 km from 
the most dtstant 5tudy s ~ t e  

Statistical analysis 
We used data ot  June-October 1997 and 1998 (equ~valent trap- 

ping p e ~ ~ o d s )  I n  a repeated measure\ two-way a~ialysts of varlance 
(ANOVA) (SAS 1990) to teit for d~fference\  tn the re la t~ve abun- 
dance ot  each \brew \pecles and ,111 specles comb~ncd among treat- 
ments, among years. and uslng a treatment x year Interaction How- 
ever, we ~tsed only the 1998-1999 data for s~tbseclucnt analy5es be- 
cause they encompassed ,I full year of trapptng, and therefore, a 
longer trapplng p e r ~ o d  Data from 1997 were not comparable to 
1998-1999 data because the t rapp~ng pe r~od  was shorter and treat- 
ment sample s17es d~ t t e red  between those pe r~ods  We te\ted for d ~ f -  
terences In specle5 1-1chne5s and the proport~on of males and females 
among treatments uslng one-way ANOVA 

We used Pearson Product-Moment Correlat~ons ( Z a  1984) to exam- 
Ine the relatlon5hlp between cumulat~ve ramtall du r~ng  each 2-3 day 
per~od between trap-checks (trap-check tntetval) and the number of 
qhrewc captured per trap-check Interval We used only data du r~ng  
June-October 1997 and 1998 becau\e some species appeared to e x h ~ b ~ t  
lower actlvlty level$ In wlnter (see result\) Cor~e la t~ons  were per- 
formed on each 5pcc1es and tor all shrews (species combined) 

We used one-way ANOVA (SAS 1990) to te\t for d~t terence\  In 
structural hab~ta t  tedture\ atnong tleatments Percentage data were 
square-root a rc s~ne  t~anstoriiied prtor to s t a t ~ s t ~ c a l  testlng Because 
t e p l ~ c a t ~ o n  was unequal. we L I \ C ~  lea41 \quare$ mean\ tests f o ~  
palrw15e compall\on$ among treatments and years tor all ANOVAs 
(SAS 1990) 

Because there were no dlttelence5 In tlie abundance of most specles 
'Iniong gap treatment$ 'ind controls, we cotiib~ned ,111 study utes (u41ng 
spec~es  '1s the "trecitnient." n = I I 51tes) tor ,i I-w'ly ANOVA with 
Tukey'5 test to determtne whetlie1 \ome specie\ were captured more 
often than others We used ,I log-l~kcl~hood ~ ; l t ~ o  G-test (Zal 1984) to 
determ~ne whctlier the rn'lle te~nale  ratlo c i ~ t t e ~ e d  iron1 1 1 for specles 
hav~ng  dn ,~decluatc \,imple sl/e (all captu~es ,  n > 25) S ~ g n ~ f ~ c a n c e  1s 
~cported ,it P < 0 05 level unles\ o t h e ~ w ~ s e  \pec~hed  
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Results 

Pitfall trapping 
We captured a total ot  548 individuals of slx shrew spccles during 

67,056 trapnlghts (186 In 18,876 tlapnights tn 1997 and 162 in 
48,180 trapnlghts In 1998-1 999), 356 weie identitied to species (272 
in 1998-1 999) Shrew specles captured were Bllrr rrzu Orevrtaudu 
(Say) (northern 5hort-talled shrew), Crlptotrc ptrrvu (Say) (least 
shrew), Sore1 cinerc~ur Kerr (masked shrew), S j ~ l r n ~ ~ ~ r  G M Miller 
(smoky shrew), S ho\r Bdird (pygmy shrew), and S lon,grrosinc 
Bacliman (southeastern shrew) Three talpid species also were cap- 
tured, including Concl\/uru trrttlrtcr (L  ) (\tarnose mole), Staloyuc 
~ q i ~ ~ ~ t r c - u c  (L ) (eastern mole). and Paractalopc hrewerr Bachmali 
(hairytail inole) Murlds captured In pittalls lncluded Mltrotuc 
penncylvarz~c~~r (Ord) (meadow vole), M pir7eiorrlrri (L,e Conte) (plne 
vole), Perornvcc-uc leutopic, (Ratinesclue) (white-tooted mouse), and 
Ochrotom\ c n~rttallr (Harlan) (golden mouse) Cr~ptotrc  pcirva corn- 
posed only 2 5 %  of the ~dentl t ied shrews, other specle5 composed 
15%-26% oi identified captuies 

Table 1 .  Mean number (i SE) of shrews captured fro111 June-October. I997 and 1998 
using drift fences and pitfall traps in intact ( n  = 4) atid halvage-logged gaps (n = 3). and 
forested controls (n = 4 )  at the Benr Creek Experin~ental Forest, Asheville, NC. Stalisti- 
cnl results are for a repeated measure\ 2-way ANOVA u\ing treatment (dl'= 2), year (df 
= 1 ), and treatment X year (df = 2) as factor.;. Llifferent letters within rows (reported in 
top row only) indicate differences in rclative iibundnnce among trealments. Asterisks 
indicate the year in which tnore \Iircw\ were captured whet1 differences between years 
were significant. 

Treatment 

Species 
. ... . . - 

Year gap gall control f',,,, P,,. ,,,,, P,, P ,,,,,, 
-~. ~ .. . . . . - . - 

Hlat-incr 1997 1.4 + 0.9 2.5 + 0.5 2.0 + 0.6 0.2813 0. 1020 0.4914 0. 1813 
ht-c~viccrtctlcc 1098 3.3 + 0.0 2.3 i 0.9 I .O i 0.7 

C~?.profi.s 9 7  0.0 + 0.0 0.0 + 0.0 0.0 + 0.0 0.1030 0.222 1 0.01 76 0.7978 
[XU-I'O 1008": 0.5 + 0.3 1 .O  i 0.6 0.8 i- 0.3 

Sorc..u 9 9 7  I .2 + 0.4 0.5 i 0.5 1.3 i 0.6 0.1885 0.00 10 0.0935 0.7947 
c.irleretrs 9 8  4.0 + 1 .9 6.0 + 4.6 4.3 i 2.0 

S. firrnc~tr.~ 1997 2.8 + 1.4 0.5 i- 0.5 4.0 i 2.5 0.0747 0.000') 0.6960 0.4167 
9 9 8  2.8 + 2.1 I .  i- 0 2.8 i 2.4 

S. Iioyi 1097 0.8 i 0.4 1.5 i 1 .5 0.8 i 0.5 0.7290 0.4805 0.3689 0.5487 
9 9 8  I .8 i- 0.9 1 .7 i 0.9 2.0 i 0.0 

. / o i , i r o r  0 1.2 i 0.6.' 1 .5 i 0.5" 0.5 i 0.3" 0.0176 0.0033 0.0002 0.0002 
19'18": l .O i 0.4 6.3 i 2.7 1 .3 i 0.5 

IJnidentif-ied 1997 11.4 1 4 . 3  5.5 i 0.5 8.5 i 3.9 0.8274 0. 1582 O..306l 0.6216 
9 0  5.3 i 1. I 7.0 i 2.0 6.5 k I .6 

Total I997 18.8 i 5.9 12.0 i 0.0 17.0 i 7.4 0.8470 0.0431 0.4358 0.7263 

~ 

I008 I 8.5 i 3.9 26.0 t 5.2 18.5 i 4.9 
. ~ - -------- ~~ ~ - ~ - -  - - - 
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June-October captures of C. pcirlltr. S.  lorzglr-ostri\, and (marginally) 
S clnereuc were greater 111 I998 than In 1997 (Table I )  There was no 
treatment effect on total shrew captures (P  = 0.8479) or for any spec~es  
(P > 0.05) except S. longiro\trr\, w h ~ c h  was Inore abundant in salvaged 
than intact gaps or controls (P  = 0.0176; Table 1 )  Sorrx  f u n l ~ ~ r \  was 
rnarg~nally (P  = 0 0747) less abundant In <alvaged gaps th,in In ~ntact  
gaps. A repeated measures elfect was detected lor total shrews. and for 

0 2 4 6 8 10 12 

Cumulative Rainfall (cm) per Trap-Check Interval 

Figure 1 .  Relntio~~ship between cumulative rainfall per trap-check interval and 
total number of shrews captured per trap-check interval during June-October 1997 
and June-October 1098 at the Bent Creek Experinlental Forest, Asheville, NC. 

Table 2. Mean (i SE) lulmber o f  shrews captured per study site i n  = I I) .  and ma1e:fentale 
(M:F)  sex ratio (N) ,  June 1908--May 1990. Bent Creek Experimental Forest, Ashevillc, 
NC. Dii't'crent letters among rows indicate that capture rates differed significantly (P  < 
0.05) among the species (using I-wiry ANOVA). As te r i sk  beside sex ratios itidicate that 
the sex ratio differs signilicnntly from I:! u i n g  log-likelihood ratio fol- contingency 
tables. or G-test ('" indicates P < 0.025: '::': indicates I' < 0.0001). 





724 So~r/lircitrcr ri Nc~rurt i l~ $1  Vol 3 ,  N o  4 

Annual precipltatlon at the study area was 124 1 crn In 1997, 
129 6 cm 111 1998, and 1 12 3 cm In 1999 Precrpitation during June- 
October, the \tudy pe r~od  that wa\ compared between years, was 6 1.1 
cm in 1997. but only 29 1 cni in 1998 This W L I ~  extremely low 
coinpared to the average 197 1-2000 r a ~ n l ~ ~ l l  of 49 4 crn tor that pe- 
11od (Nation'~l Climatic Data Centel. ncdc info@noaa.gov) Total 
June-October shrew captures pel tr'tp-check interv'11 was correlated 
with c ~ ~ t n u l ~ i t ~ v e  r c ~ ~ n l L ~ l l  per tl'tp-check ~ n t e ~ v a l  (P  = 00109 ,  r2 = 

0 0523, d t ,,,,,, = 122) (Fig I )  N o  corielut~ons were \ ~ g n ~ t r c a n t  when 
pel tormed sep'trately by specles ( P  2 0 3 156) 

The ielative abundance of a11 5o11c1d specie\ (all study sites combined) 
was sim~lar, except C parlci was \ ign~i~cantly less abundant than S 
crnerrur (Table 2) All 6 \pec~e\  wele c,~ptuied at each of the 1 1  study 
area\, except foi C liar \ LI which wd\ absent 110111 3 s1te5 (one control, one 
Int'lct gap, and one s'llvaged g'ip) Hence, ,111 3 \mall-hodled shiew specles, 
S t~rzerr~lr ,  S I I ~ \ L ,  and S lorzqrro\tr 1 5 ,  c o - o ~ c ~ n r e d  at all study sites 

Most specles wele cap tu~ed  year-~ound,  although c'lpture rates of 
S furneur, S lorrg~roctr~r,  and B htrv~ccr~ldtr were low In late tall and 
wintei (Fig 2) Most C parvcl were cap tu~ed  dt~rlng \ummei and fall 
of 1998 (Fig 2) 

Capture5 ot  both Inale and iemale S c~nereus  peaked In Octobei 
1998 Lactating teinale\ oi some species ( 1  1 ~ndrvlduals) were cap- 
t u ~ e d  in late spri~ig (S fili11e~lc) and tall (H hrevlt uudci, S clnereur, 
and S funleu\) $11 both g'tp treatments ,lnd controls Males w ~ t h  swol- 
len testes (14 ~ndividuals) were noted In late \ummer (H hrcv~ca~rcla,  
S t rnereuc ,  'ind S lor~qrroctrr\)  and late w~nte r - sp r ing  ( B  
h r e ~ ~ ~ r u u d u ,  S t rncJreur, S )(unzrrlr, and S hair) in both gap t ~ e a t -  

Table 3. Pel-cent cover li SE) of habitat features in intact ( n  = 4) ~ind salvage-logged ( n  = 3) 
gapxwatei i  i in  1995 by hui-I-icanc Opal. and closed canopy, inattire forest (controls) ( n  = 4). 
1)iI'i'erent letter-\ within I-ow\ denote \ignific;int dif'fereilce\ among 11-calment\. 

I'rcatnieint (n,c,~tn i SE) 

Feature 
. . . . -- ~- - - ~~~~~ ~~ 

Hare grouncl ('iC ) 
Shi-ub (%.) 

Hcrbaceou.; (% ) 
L>e:~f littei- (<% ) 

Leaf liltel- dcplll (cni) 
Co;~rse woody dchl-i\ ( ' V )  
Fine woody debl-i\ ( % )  

Huniic illat ( %  
Huniic illat depth (cin) 
L,iglit ('1 ) 
12ive tree BA (m'lha) 
Siiag BA (iii'lha) 

~ ~ - -  ~ ~ - - ~  ~ 

Intact 
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ments and controls (Flg. 2). The proportion of males to female\ d ~ d  
not differ among gap treatments or control\ for any tested specles (P 
range 0.2433-0 8035) (C. pczr~~rr was omitted due to low sample s ~ f e ) .  
However, more male than female (all study 51tes combined) S. h o ~ r  
and S. longrr-ortrlt were captured, and more female than male S.  
fun~cmt were captured (Table 2 )  

Habitat characteristics 
Basal area ol l ~ v e  trees was higher In contlols than In intact or 

salvaged gaps ( P  = 0 0001). and snag BA was lower In salvaged gaps 
than in intact gaps or controls (P  = 0 0423) Percent l ~ g h t  (the Inverse 
of c'inopy cover) dltfered ,inlong a11 treatnients and controls (P  = 
0 0001), the hlghe\t was In salvdged gaps, followed by lntact gaps 
and controls Leat litter cover was highest In controlc and lowest in 
~ l v a g e d  gaps 1,ltter depth wa\ lower In sdlv'iged g'ips than In con- 
trols, 'ind marginally lower th'tn In lntdct gaps ( P  = 0 0641). Percent 
cover of the humic m,lt w,ir inarginally lower In salvaged gaps than 
In ~n tac t  gaps o~ control< (P  = 0 0905) Salvaged gaps had the lnoct 
bare ground, controls had the least, and bare ground In lntact gaps 
d~tfered from nelther. Hei-baceous plant and FWD cover did not dit- 
ter among the treatments Percent cover ot  CWD was higher In lntact 
gaps than in salvaged gaps 01 controls (Table 3) CWD piecec were 
longest, and thelr diameters were lnarglnally gieater (P = 0 0859) ln 
lntact gaps Wood decay was greatest in controls, followed by sal- 
vaged gaps, ciii~i lowest in intact gcip< (Greenberg 2001) Arthropod 
abundance and b io~na \ s  were h ~ g h e r  in forested controls than In intact 
or salvaged gaps (Gleenberg and Forrest 2003) 

Discussion 

De5pite differences in tree BA,  light, CWD, and other forest f'loor 
features, shrew abundance and r~chne \ s  were si ln~lar among intact 
gaps. u lvaged gaps. and l'orested controls Only S longrrortrrr was 
more abundant In  salvaged gaps, suggesting that even heav~ly  dl\-  
turbed forest (inuitlple wlndthrows followed by salvage-logging) 
doe\ not advclscly aiiect it, dnd possibly provldes better habltat for 
the specie4 than Intact gaps or closed canopy torest Alternatively, 
the hlgh vCirlablllty 111 S lot7grro\trrr ~ t b r ~ n d a ~ i c e  m o n g  salvaged 
g'ips, In cornb~natlon with no dtflerence in ~ibttndancc lor 1997 alone 
ol whole-year (1998-1999) dat'r corild ~ n d ~ c a t e  tli'rt the resiilt w'is not 
blolog~cally s ~ g n l l ~ c a n t  

Our results are not s~l rp~is ing,  given that co~~e ld t ions  between forest 
structural teatures and shrew captules repotted In o t h e ~  {tuilies are 
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weah, ~ionex~\ tent ,  or ~nconrl\tent For example, \cveral \ t ud~c \  \how 'i 
weak, po\ttive cor-relat~on between CWD ,111cl h'ib~t'it U ~ C  by B 
hrcvlr ~cucia (K~tc l i~ng \  and Levy 198 1 ,  McC'ly ct '11 1998, McConib 'tnd 
Rum\ey 1982, Seagle 1985), b ~ ~ t  not by other \peclc\ (McCay ct '11 
1998) McCay and Kotnoio\kr (2004) Iound th'tt only one ( C  prrrwc). of 
three \brew \ p e c ~ e \  prewnt decltned rn ,~bund,~ncc Ater CWD ~emobal  
from a Coa\t,tl Plarn \tudy Porci et '11 (1997) lound a weak 
relatlon5hrp between leaf I~ttel- depth ancl c , ~ p t u ~ c  I ate\ ot H hi c ~ ~ r c  rrllclrr 

and S. /nrriru\, but no \111ew \pecte\ wa\ correlated w ~ t h  CWD Al- 
though we d ~ d  not \ample ~ i i ~ c ~ o l i ~ i b ~ t a t  v ' I I I ; I~-~~c\  at each p~tf,tll trap, o u ~  
re\ult\ 111dic'ite that \lirew ,tbund,tnce ( w ~ t h  the po \ \~h le  exceptloll ol S 
lor~,qlrostrr\) 14  not ,tltccted by diftercnce\ 111 the ,tv,i~labil~ty ot the 
4tructural feature\ we mea5ured at a 11'1b1tat \talc 

Several studre\ \ugge\t th'lt \brew abunt1,tnce ,111d c o ~ n ~ n u n ~ t y  r1c11- 
ne\\ are I~nked to tlic abundance ot a~thtopocl prey (He'tly 'tlid R ~ o o h \  
1988, K~rkland 1990) Our re\ult\ d ~ d  not \upport t h ~ s .  tlie ~ e l a t ~ v e  
abundance ol \brew\ was \ ~ m ~ l a r  ~111io1ig treatment\ de \p~ tc  h~gher  num- 
ber\ and b~oma\ \  ot  ground-dwell~ng ,irth~opods In loie\ted control\ 
than In Intact OI \'~lvaged g:tj)\ (Greenbe~g and Forre\t 2001) Po\ \~bly ,  
dlfference5 In arthropod abundance or \ t~ -~~c tu ra l  feilture\ (\uch a\ CWD 
or leaf I~tter)  among our treatment\ and control\ d ~ d  11ot exceed a 
theoret~cal thre\liold nece\\ary to e l ~ c ~ t  change\ 111 5hrew 'tbundance 
However, becau\e ~nult~ple-tree wlndthrow4 'ire \ornewhat common 
(Greenberg and McNab 1998), our re\ult\ are l~kcly  repre\cntative oi 
{brew re\pon\e to natu~al cIi\turbancc In  xerlc upland h,itdwood\ In tlic 
wuthern Appalachian\ 

In the \outher11 Appalachlan5, W hr-c~\~rccr~rtlrr, S / r r t i r c ~ r r \ ,  '~nd S 
c rnerrus are hab~tat  general~\t \ ,  but are repol tcd '15 b a n g  mole ,tbundant 
111 me\lc forc\t\ wtth ample \ ~ ~ L I C ~ L I I ~ I ~  debr-~\ and leal l ~ t t e ~  (Fold et al 
1999, Kitch~ng\ and Levy 198 1 .  L ~ I - i n  et a1 1999. P,~gel\ ct '11 1994) 
Our 4tudy ~nci~cate\  that the\e \pccle\ al\o ,tie common ~ n h , ~ b ~ t ~ t ~ i t \  of 
xerlc upland fore\t with111 tlie \tudy ,Ilea 

High mo~\ tu re  requll cmcnt\ (KIT hlanci 109 I ) p~e\t~rn,tbly would 
make \ o r ~ c ~ d \  \en\ltlve to so11 or  leaf 11ttc1 d ~ \ t ~ ~ r h , i n c e  ,incl cle\tcca- 
tron followtng canopy ~ c ~ i i o v ~ t l  d u r ~ n g  \11\.1cult~11al o r  natt~tal cI14t~1r- 
bance\ (Ford et a1 1997) Furtl ie~,  r l  \ I I I C W \  L ~ I C  I I ~ O I \ ~ L I I ~ - \ C I ~ ~ I ~ I V ~ ,  

drought c o n d ~ t ~ o n \  rn~ght he e x p e ~ t c d  to ~nduce  I i~g l i c~  d e n \ ~ t ~ c <  111 

\ ~ t e \  w ~ t h  mole CWII or \ I I I L I ~  covet. 'I\ 111 ~nt'ict g.~p\, 01 III  l o~e \ t ed  
control\ w ~ t h  niote \Ii,~cle. le'il 11tte1 c o v c ~ ,  ,tntl l r t tc~ depth tl1'1n g.ip 
Yet, except for S ior~qtr-o\lrr\, w111ch w,lr moic ,~hund ,~~ l t  In ~ t l v ' ~ g e d  
gap' (when June-Octobc~ d,tt,t wetc u\cci), 0111 re \~i l t \  ci~d not 11id1- 
cate m y  c i i l le~e~icc\  111 4h1ew ,thunci,lnce 'imong t~e,itlnerit\ even dl11 - 
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Ing drought yeals Capture rates durlng June-October were h ~ g h e r  In 
1998 than In 1997, even though there was twlce as much ramfall 
d u r ~ n g  the 1997 trapplng pe r~od  (61 1 cm In 1997 versus 29.1 crn in 
1998) Possibly, Ii~gher shrew captures d u r ~ n g  the year after h ~ g h e r  
than average summer ratnfall (1997) was a delayed populat~on re- 
sponse to precipitation. Smith et al (1974) reported a delay between 
summer preclpltation and a populat~on increase oi B ccrrolrnen,rr 
during the follow~ng wtnter Alternatively, shrews ]nay not be as 
motsture-sensitive ds prcv~ously thought 

Our results 111dtcate that p ~ - e c i p ~ t a t i o ~ ~  was correlated w ~ t h  actlvlty 
levels (capture late\) of shrews durlng June-October, but the relation- 
ship was neg l~g~b le  We were uridble to detect any such relat~onshlp for 
~nd iv~dua l  specles, likely because the capture r'ite per trap-check of any 
glven species was low In contlast. Doucet and Btder (1974) reported 
that S (rrier'ilr c~c t iv~ ty  wds greater ciur~ng prectpltation events If 
greatel dctib~ty by s h ~ e w s  after I C L I I I ~  does occur, it could be an ~ndirect  
~cspotise to h~gher  invcrtebr'lte av;lrlab~l~ty aftel ratns, dad does not 
necess'tr~ly ~ndlcdte thdt shrews ~ t l e  ~noisture-sensltlve per se Our re- 
sults ind~cdte that s o r ~ c ~ d s  of the southern Appalach~ans 'Ire active 
regardless of annual or dally piecipitatlon, and appear tolerant of 
changes In lorest c o n d ~ t ~ o n s  that occur follow~ng pdrt~al canopy removal 
cre'ited by w ~ n d  disturbance 

Results of other studies that exdmine shrew response to s~lvicul-  
tural disturbance are eyu~vocal  Ford and Rod~lgue  (2001) found 
s~mi la r  abundance of s o r ~ c ~ d s  (S t rr7c>rp~ic, H hrc.\~rcaiida, and S 
f u n i ~ u c )  In recently cut ( two-aged hdrvests and diameter- l~mit  
thinnings) ,~nd uncut northern l ia~dwood forests of West V~rginia  
Ford ct a1 (2000) found that S t rriprcur was more abundant in two- 
age than In 2-yea1 old g~oup-selection t ~ ~ n b e r  harvests 111 the southern 
Appalachians, but capture rates of other shrew spec~es  did not differ 
between trc'itments DeCradl et '11 ( 1  991 ) iound s ~ m ~ l a r  numbers of 
C /? t r r \~ i ,  S 11o~r. and S c r r ~ e r ~ i ~ r  In poletlmber and sawtlmber stands 
I n  nor the~n h'lrdwood forests of New Hanipsh~re Kle~n  dnd M~chae l  
(1984) ~ e p o r t  that B hrcwrccii[du w'ts eyually abundant in \mall-patch 
fuelwood cuts (0 0 5  ha) 'lnd lolest I n  ,I revlew of 21 published stud- 
ies conducted In the ccntl,il 'ind n o ~ t h e ~ n  Appalachians, K~rkland 
( 1  990) repor ted '1 posltrve 1n1tl;il response by 4 0 1  ~ c l d s  to c learcut t~~ig  
Howevc~ ,  [nost of the s t ~ ~ d ~ e s  he ~ c v ~ e w e d  d ~ d  not ~iivolve pitfall 
t r  ' ipp~ng. and specles welc not ,in,ilyred sep'i~ ,ltely D~fferences  
among studies In the st/e of study sites (ranging from fuelwood cuts 
to  ldrge cle,licuts) '11so could ,~ffcct resi~lts  since the home ranges of 
some shrew species mtglit exceed the are'i ol the study sites 
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D~sturbed areas could tunct~on as \brew sources or \Inks (Pulliam 
1988) by affecting reproduction 01 suivtv,tl We d ~ d  not measure these 
parameters However, male female ~ , ~ t i o \  were s ~ m ~ l a r  among treat- 
ment\ w ~ t h ~ n  spec1e4, although some wele not 1 1 Further, ev~dence of 
reproduct~on w'is seen In both treatments 'ind In controls These demo- 
graph~c iildtcato~s, In cornbtnat~on w ~ t h  a \trnila~ abundance of most 
shrew \pecles 'lmong treatments, suggest that shiew\ die not ddver\ely 
affected by mult~ple-tree windthrow\, wtth or without subsequent sal- 
vage-logg~ng, at least rn the \hart-term 

Multi-specie\ assembl'tge rules pred~ct  that , t ~ n ~ l a ~ - \ ~ z e d  shrews are 
les, likely to co-occu~ than shrew, ot diffeient \i/cs because of competl- 
tlve exclusion (Fox and K~rkl'ind 1992) For example, K ~ ~ k l a n d  (1991) 
sugge\ts that S (rnereu5 compet~t~vely  excludes S ho11 (both are \mall 
shrews) where they are sympatric because of sllnilar d1et5 (Ryan 1986), 
S lor~grro\ tn ,  and S t rrrc.ieu\ 'ire 1 eportedly "contiguously ;tllopat~ic" 
In the southern Appalach~an\ because of competltlve exclusion (Ford et 
dl 2001, Pagels and Handley 1989) Yet, we captured all three small- 
bodied s o r ~ c ~ d \  (S crnerpuc, S ho\r, and S Iorzgrro\irrr) In slmllar 
numbers at each of our 1 1  study s ~ t e s  Further, similar seasonal actlvlty 
patterns among the three species suggest that temporal segregation 1s 
not occurring, nor do increases In one species result in decreases by 
another Clearly, Interspec1 tic compet~tlon among small-bodled {brew 

specte5 1s not \ ~ ~ f i i c ~ e n t l y  intenje to exclude any of the\e spcc~es,  and 
the s o r ~ c ~ d  assemblage does not conform to inultl-specie5 assemblage 
iule\ wlthin our study alea Ford et '11 (in press) analyzed data from 301 
sltes in the central and southern App'tlachlans, and tound that most sites 
exh~biting ~nequrtable d ~ s t r ~ b u t ~ o n \  ot shrew six-class compositron oc- 
cur In xeric forest, 

The co-occurrence of S cl r~~rc . r r \  '111d S l o r ? g r r ~ \ t r r ~  at our study 
sites 1s of special interest, bec,tusc the5e \pec~es  have not been found 
together in the muthern Appalachians (Ford et a1 2001, Pagels and 
Handley 1989) Sorrw longrro\rrr\ tend\ to occur 111 xcrlc or early 
successional tolest dt  lower elevatton\, 'tnd S t rrlereii\ in meslc forest at 
h~gher  elevat~ons (Laerm et '11 1999), although t h c ~ e  1s some elevat~onal 
overlap, the two specles never have been recorded on the same \ttes 
(Ford et al 2001, Pagels ,lnd Handley 1989) OUI r e s ~ ~ l t j  ~ n d ~ c d t e  that 
the two specres coex~ \ t  In at le,~\t some m~d-elevat~on xelic forests 
where hdbrtdt c o n d ~ t ~ o n s  are 'idequate  to^ both 

Our study ~ndicates that shrews in the so~tthern Appal,~ch~ans tolel- 
ate 'I wide rdnge of hab~ta t  ch ' l i ac t e~~s t~cs  that result from foiest d~stur-  
bance, ,lt least in \mall aleas and In the s h o ~ t - t e ~ m  The ,tbundcincc of 
most s h ~ e w  spccles was s~nlilai clesp~te srgniftcant drtterence\ among 
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t r ea tmen t s  In habi ta t  f ea tu res  such  a s  B A ,  c a n o p y  cove r ,  C W D ,  leaf 
l ~ t t c r  c o v e r  a n d  dep th ,  and  I ~ u m t c  thickness Th15 absence  o f  a m o n g -  
t rea tment  d ~ f f e r e n c e s .  e v e n  u n d e ~  d ry  c o n d ~ t ~ o n s  w h e n  sh rewc  m ~ g h t  

be  expec ted  t o  use  s l tes  wt th  m o r e  s h a d e  a n d  leaf l ~ t t e r  (controls)  o r  
CWD ( ~ n t a c t  gdps) ,  1s ~ t r l k ~ n g  T h e  lack o t  a t rea tment  ef fect ,  h lghe r  
cap tu res  du r lng  a d rough ty  than a we t  s u m m e i ,  a n e g l ~ g l b l e  bu t  s l g n ~ f i -  

 ant re sponse  by  s h r e w s  to r a ~ n f a l l ,  dnd the  Lornrnon ocLurrence of t w o  

m e s ~ c - a s s o c t a t e d  spec le s  on  xer lc  sites, ~ n d ~ c d t e  that  ch rews  a r e  not  a s  

moisture-censlttve a s  c o n v e n t ~ o n a l  w l r d o m  sugges t s  Exper tmen ta l  

s tudies  that  manipulate mol \ tu re  a n d  fores t  s t ructure  wou ld  facilitate a 
m o r e  p rec l se  de te rmlna t lon  of thel r  ef fec ts  o n  s h r e w s  O u r  resul ts  

sugges t  that  in xer lc  southern  Appa lach ldns  fores t  types ,  fores t  man-  

a g e m e n t  that  m l m l c s  c o n d l t ~ o n \  c rea t ed  by  mul t tp le  w ~ n d t h r o w s  15 

unl tkely  t o  adverse ly  af fect  s h r e w  communl t i ec  In the  shor t - term 
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